The living and extinct species of the genus Equus have not been reviewed since Gidley (1901) , whose work was limited to tooth structure and variability in all living and fossil Equus known at the time. Catalogs and partial revisions (e.g., Gray, 1825; Allen, 1909; Lydekker, 1916) were attempts to organize the proliferation of names for the living members of this genus (Bennett, MS) . Taxonomy of fossil representatives of this genus and near relatives is a vexing problem, in part because of a lack of correspondence between the neontological and paleontological viewpoints (Skinner and Hibbard, 1972) . Gazin (1936) , McGrew (1944) , and Howe (1970) have studied the skull and skeleton in definable fossil populations of Equus. Nevertheless, these and other studies of Blancan and Pleistocene horse material have not resolved systematic relationships among Equus species. This study identifies synapomorphic characters for the genus Equus. These horses are systematically related to the earlier Hemphillian form, Dinohippus Quinn (Lance, 1950) , with which they share some synapomorphic characters.
The purposes of this paper are: 1) to present differentiating characters of all living species of Equus, and of those fossil species for which sufficient material is available. Qualitative characters, mostly cranial, are employed. A morphometric analysis of these characters will appear elsewhere. 2) To present derived and primitive character states for features examined (Table 1) , as determined by outgroup comparison. The significant outgroup compared is the genus Dinohippus Quinn. Systematic relationships of Equus have been studied by the basic method of Hennig (1966) . The resulting hypothesis of evolutionary relationships is presented in a cladogram (Fig. 1) . 3) To discuss some of the zoogeographic implications of the cladistic hypothesis here presented in light of recent work by Eisenmann (1979) , and of the extensive North American fossil record of Equus. A revised taxonomy of the genus Equus is presented elsewhere (Bennett, MS) , in which nine living or recently extinct species are recognized. All living and most of the fossil Pleistocene and Blancan Equidae are placed in the genus Equus, in two subgenera, Equus and Asinus. Previously recognized subgenera, 1  1  1  1  1  19  0  0  0  0  0  0  0  0  1  1  0  0  0  0  1  1  1  1  1  1  20  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  1  0  0  0  21  0  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  1 including Dolichohippus, Onager, Hemionus, Hippotigris, Plesippus, and others are shown by this cladistic analysis to be paraphyletic, polyphyletic, or unnecessary. The various affinities, within the subgenus Equus, of the living, striped equids explain why stripes do not a zebra make; these subjects are treated in detail elsewhere (Bennett, MS) . Subgeneric assignments of recent and fossil Equus species are listed below.
MATERIALS AND METHODS
A total of 96 skulls and 57 skeletons of living or extinct equids were examined; those examined include Equus andium, E. asinus, E. burchelli, E. caballus (including E. caballus alaskae, originally named E. niobrarensis alaskae by Hay, 1915) , E. calobatus, E. conversidens, E. francisi, E. grevyi, E. hatcheri, E. hemionus, E. kiang, E. onager, E. occidentalis, E. quagga, E. scotti, E. zebra, and Dinohip pus. Types or casts of types were examined whenever possible.
For purposes of simplicity and clarity, characters discussed in this paper are listed below in the order in which they appear on Figure 1 (the number assigned to each character is referred to in Table 1 and all figures): 1. Number of functional digits (see McFadden, 1972) ; 2. Degree of isolation of protocone and hypocone (Fig. 2D) ; 3. Presence and size of preorbital facial fossa (Fig. 2A) ; 4. Presence and degree of development of secondary infundibular fold on '2 (Fig. 2E) ; 5. Size and position of inferior canines (Fig. 2B) ; 6. Presence and degree of development of isthmus on inferior molars (Fig. 2C) ; 7. Proportions of metacarpal and metatarsal III (see Skinner and Hibbard, 1972) ; 8. Shape of lambdoidal crest (Fig. 5B) ; 9. Relative length of snout (Fig. SB) ; 19. Relative depth of rostrum (Fig. 5F) (Fig. 3B) ; 15. Orientation of postorbital bars relative to horizontal plane (Fig. 4) ; 16. Presence of supraorbital boss; 17. Size and presence of postglenoid notch in crista temporalis, or ear size (Fig. 3A) ; 18. Presence of "frontal doming" (see text and (Fig.  2E) ; 21. Presence of opisthotic dolichocephaly (Fig. 5) . These characters are presented in Table 1 Several studies have sought to document the morphometric intrapopulational (Howe, 1966 (Howe, , 1970 (Howe, , 1979 Gazin, 1936) and interpopulational (Eisenmann, 1975 (Eisenmann, , 1976 deGiuli, 1974a, 1974b; Eisenmann and Turlot, 1978) variability in cranial and skeletal features of Equus. This study does not document the limits of variability for any species analyzed. I have instead presented the usual condition seen in mature individuals for each character discussed. Skull characters were consistent in every specimen examined. Tooth characters are those seen in middle wear (e.g., in supposed 5 to 12 year old animals).
SYSTEMATICS OF EQUUS
Although he did not exclude the possibility of a polyphyletic origin for Equus, Stirton (1942) regarded "the possibility of any Equus species being derived from Hipparion as ... remote." However, like most other North American workers, Stirton conceded,the possibility of an origin for different parts of Equus out of such genera as Pliohippus; or Astrohippus. Dalquest (1978) Chars. 4, 11, 20) , inferior incisors at middle wear. Dl, Dinohippus, with full infundibulum in I1, half-infundibulum in I2, and no infundibulum in I3. E2, E. grevyi, E. kiang, E. onager, E. shoshonensis, E. francisi, E. scotti, or E. conversidens, with fused infundibulum in '2 and half-infundibulum in I3. E3,-E. hemionus or E. calobatus, with fused infundibulum in both 12 and 13. E4, E. caballus, with infundibulae in all lower incisors. E5, E. quagga, with full infundibulae in all lower incisors and I3 broadened. E6, E. burchelli, E. occidentalis or E. andium, with compressed lower incisors which lack infundibulae. E7, proposed sequence of development of either full infundibulum as in E. caballus, or flattened incisor without infundibulum as in E. burchelli. (Equus). "fan"7 opened greatly, mastoid process has broad visible contact with C.T. Slightly diagrammatic. Gidley, 1901; Gazin, 1936; Schultz, 1936; Stirton, 1940 Stirton, , 1942 Hay, 1915; Savage, 1951; Simpson, 1945) cited Pliohippus as the ancestor of Equus. Their concept of the genus Pliohippus included forms as diverse as P.
fossulatus and "P." interpolatus. Schultz's (1936) assertion that characters within Pliohippus (as then understood) were "quite consistent" must have been based on only a few comparisons. In their search for ancestor-descendant relationships, other authors found themselves in the contradictory position of citing one species for one character (such as P. supremus for "strongly curved upper molars") and another species for another character (such as "P." interpolatus for "narrow protoconal isthmus"). Paraphyly within Pliohippus caused many such confusing "diagnoses." Stirton (1942) and Savage (1951) criticized non-diagnostic descriptions and suggested many synonymies. Quinn (1957) eliminated much of the confusion about which "Pliohippus" are relevant to Equus' ancestry by naming and diagnosing Dinohippus (formerly all Dinohippus species had been included in Pliohippus). Based primarily on dental similarities, Lance (1950) was the first to postulate Dinohippus as the ancestor of Equus. Skinner has documented the condition of the facial fossae in many species of fossil equids (Skinner and Hibbard, 1972; Skinner and McFadden, 1977; Skinner, pers. comm., 1977 Skinner, pers. comm., -1980 
Synapomorphies Uniting Equus and
Dinohippus.-A survey of the extinct equids reveals that possession of a facial fossa ( Fig. 2A ) may be primitive for the subfamily Equinae (Simpson, 1945) , and is certainly primitive for the group of equines otherwise most similar to Dinohippus and Equus. The reduction or elimination of the preorbital facial fossa is therefore a derived feature for this group. The monodactylous condition (see McFadden, 1972 and McFadden and Skinner, 1979) , common to Equus and Dinohippus, is a derived condition. Stirton (1942) pointed out that the "connection of the protocone to protoselene is evidently the primitive arrangement seen in all early and middle Tertiary horses." Since the equid tooth began in a bunodont state and progressed from there to lophodonty, it would seem that all disconnected cusp states are primitive. Indeed, Stirton's conclusion applies only to primitive teeth in middle and late wear. quickly: it must do so, since the teeth are brachydont. In species which show hypsodont teeth, the connection of protocone to protoloph may occur at any point from the tooth roots to very near the tooth crown, but at some point in all equid teeth, the protocone connects to the protoloph (Fig. 2D) .
How, then, may a derived condition in this feature be identified? It is the point within the hypsodont tooth at which connection between protocone and protoloph occurs which is critical. The primitive condition is to have protocone join protoloph early in wear; Stirton was not wrong. Documentation of how early this connection occurs in members of the group in question (establishment of a transformation series) will reveal any trends toward "more connection," "<less connection," or character reversals. Within the group composed of Dinohippus and Equus, the protocone is always connected to the protoloph from quite high on the crown.
The hypoconal groove is an analogous feature of the superior teeth, in that possession of a deep hypoconal groove is a primitive feature. Yet early species of Dinohippus possess a shallower hypoconal groove than later Dinohippus or Equus. Thus, I consider possession of a deep hypoconal groove derived for Equus and Dinohippus. Astrohippus and Pliohippus both possess one or more facial fossae and both have lost the hypoconal groove. Neohipparion lacks the facial fossae and possesses the hypoconal groove, but shows protocone disconnected from protoloph until very late wear. Among these genera, only Dinohippus and Equus are known to have become monodactyl. Thus the distribution of primitive and derived features in these genera is different, and requires careful analysis of transformation series.
Caution must also be exercised in interpreting the facial fossae. There is some individual variation in the expression of the fossa in species which possess one. Some species of Dinohippus possess an indentation along the rostrum, below and anterior to the orbit, which is a remnant of a facial fossa; the absence of a preorbital facial fossa in living Equus is the end result of a trend toward its loss. Some fossil skulls which can readily be assigned to Equus on other grounds probably possessed these antorbital grooves (see Gazin, 1936 , plate 27, E. shoshonensis). Species of Equus are on the average larger (as indicated by skull measurements) than those in Dinohippus, but this too is a gradational feature. Individuals of Equus examined have, in every case, a full or at least a fused infundibulum (Fig. 2E ) on '2 in middle wear. This means that both a primary and a secondary infundibular fold are present and that the posterior commissure of the incisor (if any) disappears before middle wear (Fig. 2E) . The I2 in Dinohippus displays a posterior commissure in middle wear; only in late wear (if ever) does the commissure disappear. The 13 in Dinohippus shows a strong posterior commissure in all wear stages in most individuals; but a few individuals lose the posterior commissure in very late wear. These, too, are gradational features; they reflect a functional trend to increase the amount of enamel present in the incisive series. This trend also affects the size and placement of the canines. In Dinohippus, the superior and inferior canines are more posterior in their placement within the P2-I3 diastemata, and they are relatively smaller than they are in Equus (Fig. 2B) . Differences in the placement of the bullae of the two genera also exist. In Dinohippus, the bullae are located far back on the basicranium, nearer the occipital condyles than to the glenoids. In Equus, the bullae are located at least midway between these two points (Fig.  3A) . I expect that, as the fossil record of late Tertiary (latest Hemphillian and earliest Blancan) horses becomes more complete and better known, skulls which in their small size, small facial fossae, and earlier occurrence would be called "Dinohippus" but which possess the 12 infundibulum of Equus will be found. There do not seem to be any autapomorphies for Dinohippus; pending further study, the name will be retained.
Autapomorphies of the Subgenus Equus Linnaeus, 1758.-There are two fundamentally different skull conformations to be found in Equus. The first type represents the primitive condition, which, coincidentally, is almost universally found in the subgenus Asinus (see below), and in the genus Dinohippus. The conformation of the skull is a complex of functionally interrelated features affected by the conformation of the entire animal, but especially by the length and characteristic orientation of the animal's neck.
There are seven major differences between the primitive skull type and the derived skull type. The first concerns the breadth of the lambdoidal crest, occiput, and occipital condyles compared to the zygomatic breadth. Primitively, the portion of the skull posterior to the zygomata and postorbital bars is narrow and this narrowness is generally expressed as posterior convergence of the lines formed by the lateral edges of the squamosal bones and their posterior prolongation into the lambdoidal crest (Fig. 3A) . The foramen magnum is rounded and the distance between the occipital condyles is short.
Primitively, the tube of the external auditory meatus projects beyond the crista temporalis, a feature whose presence in asses, kiangs and hemiones was noted by Flerov (1937) . Primitively in Equus, the crista temporalis is formed as a thin shelf which stretches from the posterior part of the zygomatic arch to the anterior part of the lambdoidal crest. The tube of the external auditory meatus simply extends farther laterally than this shelf as it rises from its ventromedial attachment in the petrosal bone. No excavation of the crista temporalis is necessary to permit this relationship because of the narrowness of the cranium. Hence, the zygomata and lambdoidal crest are joined by fairly straight, posteriorly convergent lines of bone (Fig. 3A) . In lateral view the zygo-matic part of the temporal bone has a characteristic straight or slightly curved outline (Fig. 3A) . Primitively, the external auditory meatus and bullae are placed midway between the paramastoid process and the glenoid process (or even farther back, in Dinohippus), and the tube of the meatus points to some degree posterodorsally (Fig. 3A) .
The subgenus Equus (Equus) contains the following living and fossil species: E. zebra, E. hatcheri, E. quagga, E. caballus (including E. c. alaskae), E. burchelli, E. occidentalis, E. andium, E. shoshonensis, E. stenonis, and E. grevyi. More species may be added in subsequent'work if they can be demonstrated to share the following autapomorphies which define E. (Equus).
The skull of species within this subgenus has undergone a marked posterior broadening, which is evident in the greater breadth of the lambdoidal crest, occiput, and occipital condyles compared to the zygomata and to the ball-like cranium. In the derived forms, the lines connecting the posterior zygomata to the corners of the lambdoidal crest do not converge nearly as strongly as in the primitive skulls (except in E. caballus, where the forehead has also undergone broadening-see Fig. 4B ). In derived skulls, the paramastoid processes and the mastoid parts of the temporal bone are laterally wide apart and can clearly be seen lateral to the edges of the cristae temporali in dorsal view, despite the fact that the line of the crista temporalis has also moved away from the "ball" of the cranium, thus' forming a much wider shelf than in the primitive skulls.
In the derived forms which are known to have short ears (E. caballus and E. quagga), the tube of the external auditory meatus is not or only slightly visible beneath the lip of the crista temporalis. In the derived forms which are known to have long ears (E. zebra, E. burchelli, and E. grevyi), the external auditory meatus is visible through the crista temporalis. This view is permitted because an excavation has developed in the crista temporalis in all E. (Equus); it is small in E. caballus, a little larger in E. quagga, and quite large and deep in the longeared E. (Equus) (Fig. 3A) . This arrangement allows space for the ear cartilage and permits the animal to hold its ears erect instead of out to the side, cow-like. Thus the bony lip extending from the posterior zygomata to the lambdoidal crest in E. (Equus) is not a straight line; it shows a characteristic hooked outline in lateral view (Fig. 3A) . The tube of the external auditory meatus points laterally or anteriorly and its terminus is quite close to the back of the glenoid, so that the ear emerges directly behind the posterior zygomatic arch (Fig. 3A , and see photographs of living equids in Groves, 1974; Willoughby, 1967) .
Primitively, basicranial-basifacial flexion in the genus Equus is considerable, although difficult to quantify by measurements, especially on fossil skulls. Osborn generalizes cranial flexion (and some occipital characters, see below) in his "occiput vertex angle" (1912:91) and in his paper and summary discussion of cytocephaly (Osborn, 1902 (Osborn, , 1912 . When the skull is viewed from the rear and oriented so that the lambdoidal crest is held just at eye level and the line of observation parallels the basisphenoid, in the primitive condition the facial axis falls away too steeply for the frontals to be seen over the "ball" of the cranium. In the derived condition, when the skull is so oriented and viewed, the frontals are visible beyond their line of juncture with the line formed by connecting the postorbital bars. This reflects the lesser degree of basicranial-basifacial flexion in these equids (Fig. 4B) . In E. burchelli, E. grevyi and their fossil relatives, the domed frontals (Fig. 5H) are especially visible. Another way of observing this flexion is to view the skull laterally; it will be seen that the lambdoidal crest is apparently strongly downflexed in E. (Asinus) skulls. This is not due to differential movement of the lambdoidal crest on the cranium, nor to bending of the lambdoidal crest itself, but simply re- The dark triangles in Figure 5 illustrate occipital angle, which is related to but not the same as cranial flexion. In all Equus skulls, the mastoid portion of the temporal bone, which is located posterior to the opening of the external auditory meatus, partially overlies the mastoid process. The mastoid process in turn partially overlies the paramastoid process. All three bones reach posterodorsally and meet the crista temporalis in a point. This arrangement can be thought of as a sort of Chinese fan, whose apex is the point at which these bones meet at the crista temporalis, and which can (in an evolutionary sense) be opened or collapsed.
In the primitive condition, the fan is rather tightly folded. In Dinohippus, the ventralmost point of the mastoid process is ventral to the opening of the external auditory meatus, and the ventralmost point of the paramastoid process is anterior to the meatus opening (Fig. 3B) . In E. (Asinus), the fan has opened a little wider, so that the paramastoid process is on a line with or slightly behind the external auditory meatus. The mastoid process in these forms is wide only ventrally, and quickly disappears between the mastoid part of the temporal and the paramastoid. The mastoid process reaches the crista temporalis only as a very thin line (Fig. 3B) .
In the derived condition, the fan has opened conside'rably (Fig. 3B) . The mastoid narrows much less quickly in lateral view, and the paramastoid process is far behind the opening of the external auditory meatus. In opening this fanlike arrangement of bones, the angle of the occiput has been affected in the same degree: in primitive skulls, the ventral occiput is located more anteriorly, and the occipital plane is slanted forward and downward. In derived skulls, the ventral occiput has moved posteriorly and the occipital plane has become more vertical (Fig. 5) . Osborn (1912) summarized this difference between horses and asses, but expressed the difference differently: he noted that a vertical line dropped from the occipital crest to the plane of the base of the mandible passes well behind the occipital condyles in an ass, while in a horse, this line passes between or touches the condyles. Osborn (1912) also noted that horse skulls can be balanced on their occipital regions but most domestic ass skulls cannot. More vertically oriented occiputs are observed to occur together with reduced cranial flexion, and additively the two changes produce a large change in the way the skull is oriented on the neck.
Another major change in skull conformation concerns the appearance of the postorbital bars in posterior view. In the primitive condition, the transverse line formed by the postorbital bars and zygomatic arches stretches downward and laterally from a point in the median frontal area. In the derived condition, the line formed by the postorbital bars and zygomatic arches remains horizontal as it moves laterally away from the midline of the skull. Horizontal postorbital bars are seen in E. zebra, E. hatcheri, E. caballus, and E. quagga (Fig. 4B) .
Primitively, Equus skulls are dorsoventrally shallow. The distance between the plane of the palate and the plane formed by connecting the facial cristae is especially short in primitive skulls, but the distance between the plane of the facial cristae and the nasal plane is also shorter in the more primitive forms. In some E. (Asinus), this distance becomes very great (Fig. 5) . In the primitive condition, Equus skulls are also moderately broad; the decided narrowing seen in E. hemionus on the one hand and E. burchelli and E. grevyi on the other are parallel derived features (Fig. 5) .
The last major difference between primitive and derived Equus skulls lies in the proportions of the incisor to premolar diastema, tooth row, and basicranial length. Primitively the proportions of diastema to total length of tooth row to basicranial length are about 20:50:30 (Fig. 5) . Short snouts are present in E.
onager and E. kiang as derived conditions. Long, narrow snouts and long basicrania are present in E. burchelli and E. grevyi as derived conditions.
Autapomorphies of the Subgenus Asinus Gray, 1825.-The subgenus E. (Asinus) contains the following living and fossil species: E. asinus, E. mexicanus, E. scotti, E. francisi, E. onager, E. conversidens, E. kiang, E. calobatus, and E. hemionus. More species may be added in subsequent work if they can be demonstrated to share the synapomorphies discussed below.
While the skulls of species in the subgenus Equus are generally more derived than those seen in the subgenus Asinus, some derived features appear in all E. (Asinus), and it is these features, rather than the coincidental cranial symplesiomorphies of E. (Asinus), which argue for the monophyly of this taxon.
Primitively, the lower molars of Equus do not display isthmnuses (Fig. 2C) . "Molar isthmuses" are formed when the lingual apices of the central valleys of the ectolophids move away from their primitive contiguity with the metaconid-metastylid columns toward the buccal borders of the teeth. The degree of buccal movement varies with species and wear stage, but teeth in which the apices of the ectolophids are never found more lingual than the buccal lines of protoconid and hypoconid are not here considered to possess "molar isthmuses" (see Skinner and Hibbard, 1972 ). An intermediate condition is sometimes found, in which the ectolophid apices linger close to the posterior corner of the preflexid from about middle wear onward (actually, this "intermediate" condition is a stage in which the distance between the labial reach of metaconid-metastylid and the medial plane of protoconid and hypoconid is being lengthened. Since the primitive position of the apex of the ectoloph is at the posterolabial corner of the metaconid, in the "intermediate" condition, the apex of the ectoloph still has not moved). In the derived condition, the distance between metaconid-metastylid columns and medial plane of protoconid and hypoconid is lengthened, the posterior corner of the preflexid and the anterior corner of the postflexid are no longer apical but U-shaped, and the apex of the ectoloph is found lateral to the plane of protoconid and hypoconid.
Molar isthmuses have evolved in populations of the genus Equus in the same way that infundibulae in the incisors have developed: by gradual enhancement, from the base of the tooth to the crown, and from one tooth in a series to the rest. When a molar isthmus first appears in Equus (and in other fossil horse genera, e.g., Neohipparion) it appears at the base of the tooth on which it appears, and is therefore not evident until late wear. The first tooth on which this feature appears in Equus is the M3; it then appears on M2 and M1 in forms which have the feature in more than one tooth. Isthmuses can be found on the M3 in at least middle wear in all E. (Asinus) and in E. (Equus) quagga, E. (E.) caballus, some E. (E.) zebra hartmannae, and E. (E.) hatcheri. E. hatcheri and some E. caballus, E. andium, E. zebra hartmannae, (and E. quagga?) occasionally show an "intermediate isthmus" on M2 or M, (Fig. 2C ) which may begin to be evident as early as middle wear. There is a trend in E. (Equus) to increase the amount of inferior molar enamel by acquiring the isthmus structure. But the synapomorphy that unites members of E. (Asinus) in one subgenus is that strong isthmuses can be found on all lower molars in all stages of wear.
Synapomorphies Defining Taxa within the Subgenus Equus Linnaeus, 1758.-Characteristic of E. zebra (and its North American fossil relative, E. hatcheri) is a raising of the anterodorsal quadrant of the orbit over the plane of the more medial part of the frontals, so that the animals appear to have a dished forehead and a bump over each eye. This bump may be elaborated in some individuals into a bony boss. Some E. zebra and E. hatcheri possess intermediate-type molar isthmuses (Fig. 2C) . VOL. 29 Equus caballus and E. quagga possess an M3 isthmus in middle wear. Horizontal postorbital bars are also characteristic. These are the only equids known to have very short ears (a condition reflected in their petrosal and temporal structure; see above). E. quagga displays the derived feature of broadened I3-I3 distances, and also displays extraordinarily broad incisors, especially the I3. An infundibulum was present in middle wear in its I3. Equus caballus shows the derived feature of broadened forehead, and also possesses the I3 infundibulum. Quaggas and horses have achieved the greatest degree of incisive area in all of Equus. It is noteworthy that E. caballus is the only member of the genus Equus which is almost unstriped, which has dark legs and venter, and has a fully haired tail. Quaggas and horses are the least striped of all E. (Equus), and quagga tails seem to have been almost fully haired (see photographs in Willoughby, 1967 and Lydekker, 1916 ).
Equus burchelli, E. grevyi, E. andium, E. stenonis, E. shoshonensis, and E. occidentalis all display frontal inflation, narrow skulls with long, narrow snouts, and dolichocephaly. Osborn (1912) distin guished between proopic dolichocephaly and opisthopic dolichocephaly. While all Equus are pro6pically dolichocephalic compared to anchitherines (Gregory, 1945) , E. grevyi, E. burchelli, and their fossil relatives are especially so. Equus grevyi and E. shoshonensis display both forms of dolichocephaly, while E. burchelli, E. stenonis, E. andium, and E. occidentalis show less relative cranial length. E. burchelli and its fossil relatives have very broad, square, vertically oriented occiputs (the extreme condition is seen in E. andium), and they all lack even the beginnings of a secondary infundibular fold and posterior commissure. (This is not a character reversal; the primitive infundibular condition contains only a primary fold, which is open posteriorly at the commissure [ Fig. 2E ]. While other equids have elaborated the primary fold into an internal, secondary fold, and then closed the commissure, these forms have simply closed the commissure without acquiring the secondary enamel fold.) Equus grevyi seems to have retained a primitive skeletal conformation (see Skinner and Hibbard, 1972) . Living E. grevyi resemble E. (Asinus) in having a minimally haired tail and large ears, but these may represent parallel desert adaptations (Bennett, MS) . Equus grevyi is the least hairy of the living Equidae.
Synapomorphies for Taxa within E.
(Asinus).-The only instance within the genus Equus where skeletal conformation seems systematically important is in the clade composed of E. kiang, E. onager and E. hemionus and their fossil relatives. There is a tendency here to elongate the metapodials (and other distal appendicular elements). Equus kiang and E. conversidens display deep rostra, a derived feature which distinguishes them. Equus hemionus and E. calobatus have developed an infundibulum on the I3 which parallels the condition found in E. caballus. Whereas the secondary infundibular fold of this tooth in E. caballus is at middle wear separate from the primary fold, in E. hemionus at middle wear the secondary fold is still contiguous posteriorly with the primary fold (Fig. 2E) . The skull of E. hemionus and E. calobatus is distinguished by its small, light cranium (Skinner and Hibbard, 1972 ) and its overall narrowness (Fig. 5) . Equus onager and E. francisi are distinguished by markedly shortened snouts and by short, square lambdoidal areas. Some fossil onagers were very large (E. scotti), while E. onager hemippus is quite small, smaller than some Dinohippus. Changes in skeletal conformation associated with increased size in fossil equids are very likely to mask phylogenetically useful characteristics, since the limb bones must alter their proportions in order to bear the increased weight (see Willoughby, 1967 failed to develop or having reversed the trend to narrow metapodials. Equus asinus and E. mexicanus may be distinguished by a rather long cranium, paralleling the condition seen in E. grevyi and its relatives. They are, outside of the possession of full molar isthmuses, the most primitive of living Equus.
DISCUSSION
To posit a particular sister-species relatio-nship is to imply that the two species named shared a closest common ancestor. For this reason, every cladistic hypothesis entails zoogeographic implications about all organisms studied whose fossil or recent distribution is known. Early consideration of the-stratigraphic position of fossil forms can bias a cladistic analysis which initially should be based wholly on morphological information. However, once a cladogram has been constructed, the stratigraphic as well as spatial occurrence of fossil forms becomes a matter of importance.
The North American fossil record of Equus is excellent and well-documented. A zoogeographic phylogram (Fig. 6 ) is presented whose systematic information content is the same as that in Figure  1 (note that the terminal branches of the cladogram all consist of unresolved polychotomies; in the phylogram, ancestordescendant relationships, as one possible resolution, are presented). The zoogeographic phylogram shows that the North American fossil record contains either closest common ancestors or sister-species of every living species of Equus, with the exception of E. quagga. The cladistic analysis also implies that at least E. grevyi, E. zebra, E. caballus, E. burchelli, E. asinus, E. onager, E. kiang, and E. hemionus should be found in the Pleistocene or subrecent fossil record of Eurasia. Equus stenonis is believed to represent the Eurasian ancestor of E. grevyi. Strong zoogeographic ties between North America and Africa are indicated by E. (Equus). If various members of E. (Equus) which are now endemic to Africa migrated through Eurasia to Africa, they now represent relict populations preserved in the once much more widespread savanna environment of Africa.
Several arguments can be made against such an apparently complex zoogeography. First, some have argued that E. stenonis of the early Villafranchian of Europe gave rise to all the later Equus. The derivedness of its cranium makes it evident that this would require the secondary loss of frontal inflation, the loss of "open" mastoid-paramastoid complex, and the loss of proopic dolichocephaly. Others have argued that a form of Dinohippus early migrated to Eurasia, to give rise to all or part (Dalquest, 1978) of the living Equus, while its North American relatives were becoming extinct. No Dinohippus have been found in the European fossil record. The literature also contains many other speculations about the origin of Equus, but these constitute suggestions made before documentation of the importance of the facial fossae.
Finally, it can be argued that the systematic relationships, based on characters in Figure 1 , are in error: either in their distribution or in their assumptions of derivedness. Eisenmann's (1979) cladograms imply far fewer migrations than here proposed. Assessment of the most parsimonious cladogram, both from a morphological and from a zoogeographical standpoint, requires: 1) documentation of the limits of variation for characters used in this paper; 2) documentation of the transformation states and polarity of all characters used by Eisenmann (and others), and assessment of the utility of multivariate "characters" and of ratios as "characters"; 3) thorough review of the Eurasian and African fossil record of Equus in light of the hypothesis presented in this paper.
